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I. Statement of the Problem

This contract i{s concerned wich the development of diagnostic methods and

therupy for exposure to pelyether toxins produced by marine dinoflagellates.
We have proposed two separate binding assays which have potential value in
quantitative detection of th toxins in biological samples. Our specific aims
are to:
] [1] develop and refine in vitro radiomecric binding assays to detect
polyecher marine neurotoxins in blological samples using tritiated brevetoxin
PbTx-3 (formerly T1l7) as radiometric probe and employing antibodies prepared in
goat against PbTx-3 produced by laboratory cultures of Ptychodiscus brevis or
synaptosomes prepared from rat brain;

1 2) determine the sensitivity and specificity of the binding assays using
brevetuxin standards mixed with bilological samples of clinically-obtainable
types, 1.e. serum, mucousal secretions, urine and or feces;

{3] using goat antibcdies or solubilized brevetoxin binding component
from rai brain, develop enzyme-linked assays to further simplify the procedure
for routine use;

[4] examine potential cross-reactivity of the binding asrays with respect
to other polyether toxins, and hence their usefullness in the detection of other
lipid-soluble marine polyether toxins;

[5] examine the feasibility of using available antibodies as therapeutic
agents, first using competitive in vitro molecular pharmacological binding
assays, and later by examining the reversal of. toxic effects in animals by
i{mmunoassay;

(6] provide reagents adequate for 10,000 assays, including radioactive
toxin probe, and data on tests and evaluations. Detailed p.otocols will
accompany reagents.




II . Background
A, Toxins

We routinely isolate six brevetoxins from izboratory cultures of
P. brevis, all based on the two polyether backbones (1). In
logarithmic cells, the twn predominant toxins are PbTx-1 and PbTx-2
(see Figure 1). In stationary cells, approximately the same relative
amounrs of PbTx-1 and PbTx-2 are present on a per cell basis, but now
in addition PbTx-3, PbTx-5, PbTx-5 (based on the backbone present in
PbTx-2), and PbTx-7 (based on the backbone present in PbTx-1) appear.
Two additional synthetic toxins, PbTx-9 and PbTx-10, are available by
chemical reduction (2).

Toxim Type & Ry

9
N AFTH 2 ] /\(J\
Ny
Lo AFTY ] ] " /Y{
L]
[ 3T ] 1 "
"~y ) )kc-, R
/\” "
MNTe-@ i ] /Y(" 217. 78 ewonite
[ 3153 ? " )
/\rr‘m

[ AN ] ) L]
ANy
e
[ LEE ] ] L]
/\(‘u
fote~10 ? L]

Figure 1. Structures of tua Brevetoxins.
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B. Molecular Pharmacology

£ . We have previously shown that ¥bTx-3
binds co site 5 assoclated with voltage-sensitive sodium channels, and
have determined a KD of 2.9 nM and a Bmax of approximately 7
picomoles/mg 3ynaptosomal protein for this site. We also demonstrated
that tritiated PbTx-3 could be displaced in a specific manner from its
binding site by either natural or synthetic brevetoxins. Our initial
observation was that displacement efficiency was linked in a positive
fashion with potency in animals. Specific displacement curves
correlated well with the potency of each individual purified toxin.

Differential 1lipid solubility of each of the natural brevetoxins made
it imperative to include Emulphor EL-620 in all experimental tubes.
Species Similarity of Bindipng. Synaptosomes from rats, turtles,
or fish were prepared to examine the binding characteristics of each
with respect to brevetoxins. Table 1 outlines the results of the
comparison, and illustrates that any of the three systeas examined bind
brevetexins in a reproducible manner with approximately equal efficacy.

Table I. Comparison of Dissociation Constant (Kd) and Binding
Maximum (Bmax) in Fish, Turtles, and Rats¥*
d Bmax Temp. Optimum Specific Binding
Species (M) (pMol/mg Protein) (oC) at Kd
Fish 6.1 1.40 23 80%
Turtle 1.5 2.25 4 80%
Rat 2.6 6.80 4 90%
*mean values for Kd and DBmax, n=9,4,6 for fish, turtles, and rats
respectively.
In addition to developing displacement curves for the six toxins
(n=2), we had sufficient toxin material for PbTx-1,-2,-3, and -7 to
calculate Kis for each of the species. These are summarfized for

several specles in Table 1I.

Table II. Inhibition Constants for Derivative Brevetoxins
Derived from the Cheng-Prusoff* Equation

Toxin Ki (nM)

Turtle Fish Rat
PbTx-1 0.39 10.10 Q.72
PbTx-2 1.34 21,57 3.51
PbTx-3 1.96 37.04 2.47
PHbTx-5 v “e-- 2.68
PLTx-6 cens ceee 6.60
PbTx-7 ceee ceee 0.85

*see Roference (3)




Specific binding of four tritiated brevetoxins {n rat brain
synaptosomes. A preliminary comparison of specific binding of tritiated
PbTx-3, PbTx-7, PbTx-9, and PbTx-10 indicates an equivalent Bmax and a
progression of Kd values wbich parallel the relative potencies of the
iabeled brevetoxins. This is a further indicaticn to us that binding
atfinicy is the conservative requirement in the potency of the
brevetoxins (Table III), and further, that we may be able to utilize
the toxins which are of higher specific activity for more detailed
receptor characterization (4).

Table III. Comparison of K4 and Bmax for Four Differen- Tritiated
‘ Brevetoxin Frobes in Rat Brain Synaptcsomes

Toxin Kd Bmax

(n) (pmoles/mg protein)
PbTx-3 2.13 6.99
PbTx-9 8.76 6.75
PbTx-7 1.91 6.38
PbTx-10 1.56 6.46

Our evidence {ndicates that, at a Kd concentration of tritiated
PbTx-3, the tl1/2 for on- and off-rates approximate 1-2 minutes. &
closer approximation cannot te derived utilizing present protocols,
Thers 1is no membrane potential dependence of brevetoxin biading tc tha
high affinity, low capacity binding site known as Site 5. Kd= 2.6
(intact), 2.9 (lysed), 3.3 (depolarized) and Bmax= 6.0 {intact), 5.83
(lysed) and 5.75 pmoles/mg protain (depolarized) (5).

Regarcless of the organisa used for synaptosomal preparations, it
is apparent to us that ths topographic characteristics of the
brevetoxin binding site on the VSSC are comparable. Using brevetoxins
PbTx-1-3, and PbTx-5-7, Ki data for ~pecific displacemant of tritiated
PbTx-3 shows comparable data in each cass (Table II in Introduction).
The more hydrophobic type-2 brevatoxins are most efficacious in their
ability to compete for site 5 binding (o).

Classes of brevatoxin binding sites. Two separate bravetoxin
binding sites have been discovered {n rat brain synaptosomes, The
brevetoxins bind with an affinity constant which is consi{stently in the
1-5 nM concentration rangs, in good agreement with affinity data for
other potent mar.re toxins like saxitoxin (7). In addition, the
binding maximum in synaptosomes is also in good agreement with dats for
Site I toxins, which ars known to bind to channels with a 1:1
stolciometry. However, the allosteric wmodulation cf sodium channel
binding by other natural toxins by brevetoxins occurs at brevetoxin
concentrations much higher, ca. 20-100 nM (8). This data {s
irconsiacent with high affinity, low capacity binding.

Coriverse to this allosteric modulation which occurs at higher
brevetoxin concentratlions, is the finding that membrane
depolarization, 22Na influx and compsticive displacement of tritiated




brevetoxin binding by wunlabeled competitors, is dose dependernt in the
same concentration ranges observed for the high affinity binding site
(5). Thus, the allosteric modulation at other sodium channel binding
sites appears to arise. from brevetoxin interaction with a lower

affiuity, high capaciry binding sice.
Using classical Rosanthal analysis, we hava been able to
distinguish two separate specific brevetoxin sites (Table IV).

Table 1IV. The Two Brevetoxin Binding Sites

Site ) Kd Bmax Allosteric
Modulator
5 2.6-3.3 5.7-6.8 No
* 79.1-300. $3.7-180 Yes

*not numbered until further work can be accomplished.

The two site hypothesis is supported by brevetoxin inhibition
constant data and double reciprocal comecition plots, which indicate a
deviation from competitive type rpatterns to non-competitive rype
patterns at higher competitor brevetoxin concentrations. The non-
competitive displaceaent appears to be specific in naturs, and is not
likely due to changes in membrane fluidity. Some evidence, see Results
telow, suggests that the low affinity binding site may be a- and/or B-
Spectrin. Allosteric modulaticn of sodium channel function by Spectrin-
type molecules has nor been described,

C. Immunology

At a time when only the structures of PbTx-2 and PhTx-3 were
known, we began developing immuncassays for ths detection of
brevetoxins i{n marine food sources (9). Utilizing bovine serum albumin-
linked brevetoxin PbTx-3 as complete antigen, we succeeded in producing
antiserum in a goat. We chose goats for the large quartiti{es of immune
serum which we could obtain, provided we could raise an ancibody

population. Subsequent characterization of the immune serum obtained
indi.atad that both PbTx-2 and PbTx-3 were detected in approximately
equivalent manners. Although oxidized PbTr-2 was not potent in either

fish or mouse biloassay (5), 1t dJid displece PETx-3 in competitive
radioimauncassay, an indication that potency was not reflectad {n RIA.

With the description of new breseroxins based on the PhTx-2,PbTx-3
-type structural backbone (1), it -ras of {Interest to exanine the
competitive abilitias of thuse new tozxins. Based on the types of
structural darfvetives ({(n tthis toxir series, we felt that new
{nformation regarding the epitopic sites on the brevetoxin backbone
might be uncovered. In the samrea vein, the new structural backbone
present {n PbTx-1 and PbTx-7 might give us further {nsight into
epitopic sites (the terminal 3 to 4 rings ares [{dentical) on
bresvetoxins.

Radioimauncassay displacesent curves {indicated that the antibody
recognizes and binds the toxins which possess the type of structure
dapicted on the left(type-1) of Figure 1 with muck higher affinity chao




ir does the toxins whose Gtackhone s illustraved in Figure 1 on the
right (type-2). This 4is not surprizing because the antibody was
produced by immunization with Zla-linked PbTx-3, a type-l toxin (183).
Scatistical analysis of E0S0 values reveal that there are no
statistical differences :rbetween che efficiencies with which PbTx-2,
PbTx-3, and PbTx-5 displace tritiated PbTx-3 from the antibody-hapten
complex (t-test, p<0.1). Analysis uf 50 displacement values for PbTx-
1 and PbTx-7 (both type-2) revealed no statistically-significant
difference (p<0.001). Wirh the exception of PbTx-6, a significant
difference was consistently found, however, between the curves for the
two toxin backhones. Type-1 toxins are approximately 10-fold more
efficient <than are type-2 ctoxins at displacing tritiated PbTx-3 from
the binding site. The exceptiocnal case, FbTx-6, is a 27,28 epoxide of
a type-l1 toxin. An epitope on the toxin molecule may involva tha
configuracibn around the 27,28 carbon unsaturation (summarized ir. Table

V) (6).

TABLE V. CORRELATION OF POVENCY WITH RADIOIMMUNOASSAY
AND SYNAPTUSOME ASSAYS

P R R I I I I W R A L R R L T T i N T -ow

Toxin Synaptosonms D50 Radioimmuncassay
EDS50 Ki (nM) EDS0(nM)
()
PbTx-1 3.5 ~ 7.1 4.4 93.0
PbTx-7 4.1 8.9 6.9 92.0
PbTx-2 17.0 16.1 21.8 22.0
PbTx-3 12.0 37.0 10.9 0.0
PbTx-5 13.0 seee 42.5 10.1
PhTx-6  32.0 sea 3s.0 112.0

EDZQ are defined as the toxin conc at which 50% displacemant of
tritiated PbTx-3 froa sodfum channels or antibody cccurs. LD50

are dotermined by {ncubation of Garbusia affinis with toxin in 20
nL seawater for 60 minutes. Ki are deternmined as described {n the
text.

In addition, we began to explore methods f¢r converting the RIA to
an enzyme linked form. We sought to use an enzyme system which was
stable, produced a color reaction which would be visible to the naked
eysw (even though our evalustion would take place i{n a microtitre plate
reader), would 1lend {tself to coupling enzyme to either toxin or
antibody, and would poxsess an enzymatic activity that was absent in
nanmalian systems (to reduce background color reactions).

The basic assay under development followed a noncoanpetitive enzyme
imsuncassay sandwich technique (figure 2). Hetsrogeneous system assays
(7,8) such as these =may be perforsed as eoither competitive or
noncompetitive types, and may be either enzyme-antibody labeied or
enzyme-hapten (antigen) labeled. Thus, the greatest flexibility is
gained employing such techniques, and many different varfations may be
developed to aeet defined :ritaria.




Urease

--_
[ SRR

p

1

n
w
BN

Figure 2. Hon-Competitive Brevetoxin-Antibody-Protein A Ureass ELISA.

In order for the proposead assay to work, toxin PbTx-2 ({llustrated
ag rcriangles) had to be successfully bound to the microtitre plate
wells, Unlike standard enzyms Imxmuncassay pricedures, where water-
soluble IgG 1is adsorbed to the plastic plates, it was necessary to
investigate the binding kiretics and equilibria of toxin binding. It
{s imperative that the solid punase should adsorb an adequate amount
hapten {in a reproducible manner, and that variability at this stage
will affact the uitimate precision of ths assay.

Binding of PbTx-2 (step 1 of figure 2) was evaluated in three
media : ethanol, a solvent in which the toxins ars reasonably soluble;
phosphate buffered saline, in order to promotes partitioning onto the
hydrophobiz polystyrcne surface; and carbonate buffer of plf 9.6, which
{s routinely wused to bind IzC to plates. Following binding, completas
Proteln A-urease sandwich assays (steps 2-4) wers carried out. We
{llustrated that PBS {s the most suitable medium for toxin incubation.
we demenstrated the linearity of the assay with respect to reaction
time, {llustrating the lack of end-product inhibition of the urease
system (7).

The stability of the toxin-antitexin adsorbed on the microtitre
plare (step 3), when stored in a dry atmosphers at room temperature,
indicated a probable long shelf-life of the reagents . Stabiliry
curves were carried out for 2 months with no loss in activity.
Regardless of the blocking agent (shown as a hatched line in steps
2,3, and 4) we used, howaver, substantial amounts of non-gpecific
binding of Protein A- urease was observed. Thus, backgrounds were many
tizes very  high, contributing to a low degree of specific
sensitivity, In addition, the enzyme urease, while exhibiting a high
turnover number and relative insensitivity to temperature during
{ncubation, was very sensitive to heavy metals and pH (as well as the
indicator dye., which is pH sensitive). Modifications to the ELISA
technique wers explored last contract year, investigating (1) toxin-
enzyme conjugates, {({1) commercial enzymc-antl IgG conjugates, various
blocking agents for the aicrotitre plates, a differant enzyme and
substrate for visualizatinn, and monoclonal autibrevetoxin antibodies.

We therators sought to develop reagents utilizing a& different enzyme
as covalent probe, and to seek a variety of potential ELISA formats. It
wis described in detail {n last year’s annus) report, and {3 summarized
helow in tabular form.

10
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RIA, The radioimrunassay developed previously has besan used
almost entirely to give baseline values for ELISA protocols, which are
tha major thrust this year. Two potentially important developmeuts took
place last year, both dinvolving & purification of anti-brevetoxin
specific antibodies for use both {n RIA and ELISA. No further specific
work has been undertaken with RYIA, except that the KLH-PbTx-3 {mmunogen
has been successful in eliciting antibody production in a goat. Titers
were being evaluated weekly, with & biweekly immunization schedule.
Antibody titers have exceeded BSA-PbTx-3 elicited titers, based on
qualitative assessment and Ouchtelony plates employing whole antigen
conjugats and specific sera.

- oluvns. Goat serum was purified by loading
immunoglobulin solution onto a column constructed to contain 4 mg
of PbTx-3 specifically bound. While specific brevetoxin binding was
not increased (by ccmparisen of protein recovered to toxin bound), the
degres of non-specific color davelopment which we observed when we wused
antibody purified in this manner was greatly reduced.

. The brevetoxin affinity column has
been utilized for IgG purification following Protein G-Sepharose
separation. We feel that the column is a useful tool for purification
of IgG because of the specific nature of the interaction, and because
the protein which did not bind possessed no specific binding affini:cy
for radiolabeled brevetoxin. Details are givan under the Results section.

Microtiter plate assays have been de-
veloped in fiva different ways, four utilizing antibodies and one-
utilizing synaptosomes. Each assay has distinct advantages and disdvan-
tages, as described last year.

For most ELISAs, hydrophobicity can be exploited to ~sticw”
antigen or antibody to the plate solid support. For brevetoxin
microtiter plate assays, howevcr, it was necessary to minimize
nonspecific inding of toxin. Different methodologies for mirimiz-
ing non-specific adsorption to the plastic plates was a specific and
seemingly endless task. Table VI, which appeared last year, summarizes
those findings.

Table VI. Summary of Brevetoxin Microtiter Plate Assays

Adsorbant Sensitivity
Primary Secondary Tertiary (ng/well)
FbTx-2 IgG a PbTx-3 Protein A-urease 1.0
16 a PbTx-3 PbTx-3-urease @ = <e--.... 0.001
KLH-PbTx-3 IgG a PbTx-3 r & g IgG-psroxidase 0.2
Synaptosome PbTx-3-urease = = .ccce.... 0.2
IgG a FbTx-3 PbTx-3-peroxidase @ = -cec--... 6.001
Synaptosome PbTx-3 IgG-peroxidase @ PbTx-3 =  .-.-.
11
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II1. Technical Approach
A. Synaptosome Binding Assay

Biological Preparation, Synaptosomes were prepared in multiple
runs, generally working up material from 4-6 brains per run. Frozen
brains were purchased in multiples of 30-50, and were stored at -80°C until
use. Synantosomes prepared according to the method of Dodd et al. (10)
were stored as a pooled fraction until sufficient synaptcsomes (genaerally
from 20 brains) were prepared for multiple uses. Protein was measured on
resuspended intact synaptosomes or lysed synaptesomes just prior to
binding experiments using the technique of Bradford (l11). Synaptosomes
wers stable and their results raproducible for periods of 2-3 months.

Toxins., Natural toxins were utilized as obtained. Brevetoxins were
purified from laboratory cultures o Ptychodiscus brevis, okadaic acid vas
obtained from Dr. Robert Dickey at the FDA Dauphin Island laboratory,
and ciguatoxic fish flesh was supplied by Dr. Thomas Tostacon at the
University of Puarto Rico. Synthetic tritiated PbTx-3 was produced from
PbTx-2 by chemical reduction employing cerium chloride and sodium
borotritiide. Crude PbTx-3 was purified using reverse phase high
performance liquid chromatography. HPLC-purified toxin had demonstrated
specific acitivicies of 10-15 Ci/mmole.

Binding of tritiated toxin was measured using the
rapid centrifugation technique (5). Binding assays wers performed in a
binding medium consisting of 50 mM HEPES (pH 7.4), 130 mM choline
chloride, 5.5 mM glucose, 0.8 =mM wagneisum chloride, 5.4 mM potassium
chloride, 1 mg/mL BSA, and 0.01X Emulphor EL-620 as an emulsifier for
toxin.

Synaptosomes (40-80 ug total protein), suspended in 0.1 mL binding
medium minus BSA were added to a reaction mixture containing tritiated
PbTx-3 and other effectors in 0.9 ol binding medium in 1.5 oL
polypropylene aicrocentrifuge tubes. After aixing and incubating at 4°C
for 1 hour, samples were centrifuged (15K x g) for 2 minutes. Supernatnat
solution was aspirated from each tube and the pellets were rapidly washed
with several drops of a wash medium (9). Pellets were then transferred
to liquid scintillation vials and bound radiocactivity vas measured. Non-
specific binding was measured in the presence of 10 uM ?bTx-3 and was
substracted from total binding to yield a calculated measure of specific
binding. Free tritiated probe was measured by counting an aliquot of
supernatant solution prior to aspiration.

The brevetoxin
binding component was solubilized fromx pooled synsptosomes equivalent to
two rats. To 2.5 mlL of pooled synaptosomes, 0.3 mL aliquots of
concentrated Triton X-100 buffer were added to yield a final total volume
of 5 mL and containing final component concentrations as follows in pH 7.4
Tris buffer: 0.1 X friton X-100, 0.02% Phosphatidyl choline, 50 mM choline
chloride, 10 mM HEPES, 25 oM CaCl,, 0.2 M NaCl, and protease inhibitors
PMSF, lodoacetamide, and pepstatin A.

Solubilized binding component was centrifuged and 105,000 x g for
one hour in a Ti 50 ultracentrifuge rotor, and the supernatant solution
vas decanted. Supernatant solutions wcce assayed for protein. A portion
of the supernatant solution was losded on a 1.5 a 45 ca Sephacryl S-300
size fractionation column, and the column was eluted with solubilizing
buffer. Fractions were assayed for protein, and the fractions

12
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-corresponding to the molecular radius of a-subunit from sodium channel
were pooled.

Solubilized samples were evaluated for purity by non-denaturing and
sodiun dodecyl sulfate denaturing 5-15X gradient polyacrylamide gel
electrophoresis. Following electrophoresis, gels vere either stained with
Coomasie brilliant blue protein stain, or were transferred to
nitrocellulose paner using a Western blot electrophoretic tschnique.
Transferred protein was then silver stained. Gel electrophoresis was
accompanied by molecular radius standards from 200,000 to 15,000 molecular
weight.

& Standard radioimmunoassays-type procedures were utilized to evaluate
the specific binding of solubilized protein fractions, for subsequent use
as obtained or in modified microtiter plate assays.

B. Immunocassays

Antigepn. Both radioimmuncassays and enzyme-linked immuncassays
utilize specific antibody against brevetoxin PbTx-3. Complets antigen
construction has baen previously investigated using either bovine serum
albumin-covalently linked to brevetoxin, or more recently we have used
keyhole limpet hemocyanin-linked brevetoxin. For this year’s annual
raport, all of our work has utilized brevetoxin covalently linked to KLH
as complete antigen. This overcomes many of our {nitial problems with
cross-reactivity due to small amounts of BSA present in many of .the
#3says, and KLH also elicits better antibody responses in animals.

Purified PbTx-3 was dissolved in minimal redistilled pyridine, and
was succinylated with 10-fold molar excess succinic anhydride as
previously described. Following separation of unreacted PbTx-3 and
succinic anhydride from toxin-succinate wusing TLC (70/30 sthyl
acetate/light petroleum), the free carboxyl function on the conjugate was
covalently coupled to the &-amino function of lysyl residues on the KLH
using standard procedures (1l1). Following coupling, the mixture was
dialyzed against PBS, pH 7.4 for overnight, and the protein concentration
adjusted to yield “toxin equivalents” of 1 mg/mL.

We continue to immunize a
single goat with the KLH conjugats on altarate weeks, with bleeds on the
interval weelks for assessment of toxin antibody titers. Bleeds are
allowed to clot, and the serum separated by centrifugation. Antisera are
treatad with 0.5 volumes of saturated asmonium sulfate under conditions
of stirring, and are allowed to precipitate overnight at 4°C. The
precipitate is centrifuged at 3000g and the supernatant solution decanted
and saved. The solution is then brought to 50% saturaticn by additiona
of an additional 0.5 volumes of satuated ammonium sulfate, and the
precipitate is alloved to form overnight, once again.

The precipitate from this centrifugation is redissolved in 0.3
volumes of original serum volums, and {s dialyzed against PBS containing
0.01% sodium azide. For long term storage, the antibody solution is
dialyzed against distilled water, and aliquots of approximately 25 mL
volume ais lyophilized. They are reconstituted in PBS pH 7.4 containing
azide as needed (12).

BIA. The radioimmuncassay is as described previously, according to
the method <f Bigazzi et al. (13) to estimezte serum digoxin levels. This
assay is now used only to obtain correlative data for ELISA protocols.

Daxivatized Toxins, Brevetoxin PbTx-3 was linked to horse radish
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peroxidase, and the procedure was optimized, both with respect to reaction
conditions and to stoichiometry. Derivatized materials were <valuated for
stakilicy. Attempts to link PbIx-3 to chloroperoxidase were also
evaluated. PbTx-] was also linked to ureass and toxin-enzyme conjugates
were evaluated.

Enzyme-1lrl..d immunosnrbant assays were carried out
using the derivatized toxins mentioned above, and secondary rabbit anti-
goat antibody-enzyme conjugates were also evaluated for use. Western
blotting of SDS gels of antibrevetoxin antibody, performed at various
stages of antibody purification, were used estimate the degree of
purification for each step. Only KIH antibody was utilized. Individual
protocols are listed below.

! l.{,! 2] 12

Figure 3. Specificity of rabbit anti-goat-peroxidase for goat antibody.

(L) Incubate overnight with KlLH-toxin complets antigen in
microtiter plates to act as primary adsorbant (Step l). Aspirate wells
and rinse 3 times wich Blotto (non-fat dry milk in pH 9.6 carbonate
buffer) and then block with Blotto solution for one hour (Step 2).
Aspirate and add serial dilutions (X-direction) of goat antibrevetoxin (25
ug/wall to 25 fg/well) (Step 3), and {incubate 1 hour with goat
antibrevetoxin. Aspirate and add serial dilutions (Y-direction) of
commercial rabbit antigoat 1IgG-specific aatibody (1 to 1:1000
dilution)(Step 4) and fncubate 1 hour. Rinse three times with Blotto,
followed by three rinses with distilled water. Add ABTS (2,2’ -azino-bis-
(3-ethylbenzthiazoline-6-sulfonic acid) reagent and peroxide, and monitor
color development at 405 na.

Microtiter plates from Costar and Dynatech were evaluated, with
Immulon 1,2 and 4 being evaluated. Costar plates are uncoated plates.
Immulon 1 plates are low non-specific binding plates similar to Costar
plates, Immulon 2 plates are chemically treated to enhance protein uptake
with low variance, and Immulon 4 plates are treatead to give the “maximum”
protein uptake with minimal variance.

Peroesidace

v 1y

Figure 4. Assays using toxin-peroxidase covalent conjugates.
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(2) This type of assay was anticipated to be of use in “column”-
type formats, where toxin-peroxidase had been presorbed to antibody
immobilized on a solid-support. Subsequent exposure to free toxin would
in theory release toxin-peroxidase conjugate from the antibody.

For synthesis of the toxin-peroxidase conjugate, several different
stoichiometries were employed for the coupling reaction. Conjugate
protocols utilized in the carbodiimide coupling reaction were repeated to
produce toxin-protein conjugates similar to those used for immunization.
Following coupling wusing tracer tritiated PbTx-3, conjugates were
evaluated on SDS polyacrylamide gels. Gels were stained with Coomassie
blue protein reagent, and bands were cut from the gel and the
radioactivity assessed. Gels weie also Western blotted, and the blotted
proteins were probed with goat antitoxin followed by rabbit antigoat
alkaline phosphatase. Toxin-HRP enzyme activity was measured and compared
to unconjugated enzyme. Stability of the conjugate was evaluated under
varicus regimes.

Checkerboard antibody versus toxin-peroxidase concentrations were
carried out in microtiter plates. Once again, buffer character and time
of incubation at each step were evaluated. Competition assays were
carried out using unlabeled PbTx-3 as competitor, using optimized antibody
and toxin-peroxidase concentrations.

JouH

Figure 5. Assays using antibrevetoxin covalently linked to peroxidase.

(3) Goat polyclonal antibodies were purified using ammonium
sulfate precipitation, followed by dialysis, protein G-chromatography, and
finally brevetoxin affinity column chromatography. In this manner, we
begin with purified reagents for construction of the antibody-peroxidase
conjugate. Goat anti-brevetoxin antibodies were coupled to horse radish
peroxidase using the standard sodium meta-periodate method (14).

Checkerboard assays employing dilutions of KLH-toxin conjugates and
dilutions of antibrevetoxin-peroxidase were attempted using a variety of
times for {ncubation, and several potential blocking solutions.
Microtiter plates were selected to display minimal specific protein
binding (becauce the toxins wers used as primary adsorbant), thereby
minimizing non-specific IgG binding to the plates.
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Figure 6. Assays employing excitable membrana components.

(4) The brevetoxin binding component in rat brain synaptosomes
was evaluated as a potential microtiter plate reagent, first attempting
to utilize svnaptosomes themselves, adsorbed to platic plates, and second
by 1identifying the brevetoxin binding component in synaptosomes
biochemically--isolating it and purifying prior to use. In all cases, che
two protocols depicted in Figure 6 were explored. The assays depend on
the initial binding of a brevetoxin-specific binding component as
indicated in step #1. This is followed by a standard blocking step to
minimize additional protein binding unless it is specifiz to the reaction

sequence (step #2). Step #3 involves the addition of brevetoxin in

standard dilutions, followed by the additional »f either anti-brevetoxin
peroxidase (top panel of step {4) or sandwich assayz involving sequential
addirlon of goat antibrevetoxin follcwed by rabbit antigoat-peroxidase
conjugate. The latte: rabbit antigoat peroxidase allowed us to evaluate
specific antibrevetoxin binding in initial protocols.

Iv. Results and Discussion
A. Synaptosconmes

Stabiility, For experimental work to proceed utilizing an
homogenecus and reproducible preparation, we developed a procedure which
allows for the preparation of 20-50 rat brains, storage of synaptosomes
at -80°C, and use over a period of days to weeks of small aliquots of
synaptosome preparation. The availability of whole unstripped rat brain
from Harlan Sprague Dawley Inc in Indiana allowved us to work-up
approximately 6-8 times the number of rat braing at the same over-all
cost. Brains are worked up according to the method of Dodd et al. (10),
and are stored as synaptosomes {n serun binding medium SBM (5) in 5 mlL
aliquots. Procedurally, for each brain prepared /10 mL total final
volume), 0.5 mL of the preparation is aliquoted into 20 tubes and frozen.
Each group of brains {s prepared in this manner, adding 0.5 mL equivalents
per brain to each of the twenty tubes. When tube volumes reach the 5 mL
volume, the aliquots are stored as a batch of twenty tubes, each of 5 mL
volune and equivalent in sample. Each tube, when thawed for use, will
allow for the preparation of a “two-tray” experiment, i.e. one standard
displacement or competition study. Using this procedurs, we are able to
reproduce results within a batch with very low standard errors and
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deviation, and batch to batch variation is likewise very low. We could
detect no change in either dissociation constant or binding maximum using
synaptosomes prepared in this manner, when compared with freshly prepared
material. .

Solubilization of the Brevetoxin Binding Site. Seven different
protocols and one control protocol were utilized to investigate the
binding of tritiated brevetoxin PbTx-3 tc solubilized synaptosomes, each
utilizing the modified protocol of Bigazzi et al. (13). These are listed
in Table VII.

Table VII.
Binding Assay Method Alternmatives
Using Solubilized Synaptoscmes

Protocol # Specific Protocol DPM 4
Of Total Binding

#1 a->d->g->e->h 82K 100.0
#2 a+b->d->g->e->h ) 4 40.2
#3 a+c->d->g->e->h 29K 35.4
#4 a->d->g->e->f->g->e->h 15K 18.3
#5 a->d->g->e->£->g->e->f->g->e->h 26K 31.7
#6 a->d->g->e->f->b->g->e->h 35K . ‘ 42,7
#7 a->d->g->e->f->c->g->e->h - 31K : 37.8
#8 a->d->2 z volume g-re->h 12K 14.6

a=65 g synaptosomal protein + 10 nM tritiated PoTx-3 in SBM; b=10 uM
unlabeled PbTx-3; c=1.0 uM unlabeled PbTx-3; deincubation for 60 minutes
at 4°C; e=centrifuzation at 15,000 x g; f=transfer supernatant solution to
a fresh tube; g=1% charcoal suspension in SBY; h=liquid scintillation
counting of an aliquot of supernatant solution.

Resuspension 2 times (##8) appeared to reduce specific binding. One
wash (§4) only gave about 50X of the specific binding present in the
control tube (#l1). Two washes (#5) yielded approximately the same amount
of specific binding as did the control containing 10 uM unlabeled toxin
(#2). Three washes (#6) produced slightly higher wvalues than control
values, but may result from washout of non-specific binding. One wash,
followed by 10 uM unlabeled toxin appeared to yield very good values (#7),
31K versus 33K in controls. Solubilized synaptosomes incubated with 1 uM
unlabeled toxin (§3) gave very close values to the specific binding
measured in tube §2. Protocols §2 and §7 were optimized for further use
in soluble receptor assays for brevetoxin,

B. Antibodies

Stability. Following ammonium sulfats precipitation, dialysis
against distilled water, and lyophilization, anti-brevetoxin IgG fraction
is stable indefinitely at -20°C in sealed serum bottles. We have been able
to detect no difference in specific tritiated brevetoxin binding with age
of stored material. Lyophilized material theoretically should be stable
at room temperature so prepared, but because of the limited amounts of
specific antibody available the study does not presently warrant
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investigation. Preparation of aatibody to this step allows for an
approximately 15-fold purificacion, and a reduction in storage volume from
4 liters to 500 mL in ten separate bottles.

Buritication of Antibody, From crude serum, which
exhibited about 15 units specific hrevetoxin binding equivalents per
milligram protain, and ammonium sulfate precipitation which increased
specific binding to 158.8 units per milligram protein, we subjected
antibrevetoxin antibody to sequential protein G- and brevotoxin-specific
affinity chromatography. Overall, 29.5X of the specific binding
equlivlanets were recovered through purification, with a final specific
binding of 307 units per milligram protein (Table VIII).

Table VIII.
Antibrevetoxin Antibody Purification
from
Goat Serum

Preparation Protein Units X Sp~cific
(mg) Units Binding
(U/mg Protain)

Serum 500 7500 G0 15
Ammonium Sulfate 43 6828 91 158.8
Protein G Affinity - 20.8 - 5254 - 70 . 252.6
Brevetoxin Affinity 7.2 2210 29.5 307

At this time, all ammor.ium sulfate precipitate is being prepared
through the protein G affinity column, and shall be pcoled as a purified
I1gG fraction. We hesitate to move on through the brevetoxin affinity
column for this step has not been optimized and several problems still
exist. As an example, we lose approximately 40X of the specificall:” bound
antibrevetoxin IgG through this step. The lost IgG cannot be recovered
by increasing salt concentrations or detergent through tha column ({.e.
it is not bound to the column) and we do not lose binding affinity by
irreversibly binding to the toxin on the column (columns do not.appear to
lose specific binding capacity from multiple runs).

It is also unlikely that the specific brevetoxin binding component
is not IgG, for the loss occurs on the toxin affinity column, €£sllowing
elution from the Protein G column. Finally, the total protein racovery
from the toxin affinity column is 24 mg from 24.4 ug loaded. The protein
which does not adsorb to the column (16.8 mg) also does not contain any
specific brevetoxin binding demonstrable. Specific antibrevetoxin
antibody purified from toxin affinity columns was dialzyed against pH 7.4
phosphate buffered saline and 0.02% sodium azide for 24 hours, followed
by dialysis against distilled wvater. Fractions were lyophilized for
further use i{n ELISA davelopment,

Regardless of the short-comings in specific T¢C purification, and
loss of some toxin binding activity, material whi-h is specifically
adsorbed and desorbed from brevetoxin affinity colunns {s substantially
better for development of microtiter plate assays, as will be demonstrated
later in this report. Th specific antibody is also an excsllent reagent
for locating brevetuxin photoaffinity probes on voltaga-sensitive sodiunm
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chanrels, following SDS gel electrophoresis and Western blotting (15).
Specific binding affinity ranges from 80-90 X in.purified preparations.
. The dissociation constant for brevetoxin-specific antibody is 1.32 unM,
with an exhibited binding maximuns of 17.7 pmoles/mg protein in crude serum
(2.8 pymole toxin/mmole antibody) or about 58 pmoles toxin/mmole antibody
in brevetoxin affinity column purlfied material.

In general, the variability in affinity constants for antibody-
antigen inceraction is extremely variable, and literature reports ranges
from 10° mol' to 10'* mol'!.  However, because polyclonal antibody
preparations are by their nature derived from multiple clones, each
producing their own unique antibody molecule, the measured zifinity
constant is a composite of all affinity constants in the mixture. Thus,
the composite dissociation constant for our antibrevetoxin antibodies is
in mid-range of the values reported in the literature, in the nanomolar
range.

s It is fairly cbvious from our Iimmunization results, that the
brevetoxins are not particularly good antigens themselves, although their
antigenicity can be improved substantially by covalent coupling to KLH,
or to a lesser degree BSA. However, even under immunization conditicns
using these covalent conjugates, antibody response 1is relatively poor.
One well known reason that animals fail to elicit strong antibody
responses pertains to recognition of self, i.e. that the appropriate B
and/or T-cell clones have been eliminated during self-tolerance
recognition. ‘In other words, if the toxins represent a class of compounds:
which are recognized as "self”, they will not elicit antibody production.
Although we f{eel this possibiity is highly unlikely, we have no
experimental evidence to rule it out,

A second more likely reason for immunological tolerance to the
bresetoxin conjugates centers around the potential failure of class II
proteins (on cell surfaces) to bind to tha antigen fragments. Since there

are only about 40 class Il proteins which are manufactured by any one B

animal, individuals may not possess the proper class II protein. We felt
we could overcome failure of class II recognition by coupling to KILH, and
indeed titers were better using this carrier protein. However, if toxin
fragments are required for continuation of the proper clones, we are faced
with a continual problem.

The low titers we achieved were partially remedied by purification
of the specific antibrevetoxin antibodies and concentration of that
fraction of serum. The avidity of the complex, i.e. the overall stability
of the antibody-antigen {nteraction, is rather low, which i{s exploitable
in terms of competition assays for toxin detection. Radioactive toxin-
antibody complexes can be easily perturbed by unlabeled toxin, whether the
unlabeled material i{s added at the same time as the radioisotope, or later

after complex formation. This allows for the development of true
"displacement” assays, as opposed to the more conventionzl ~competition
assays”,

p - t_Polyether Toxins in RIA., In our

previous Annual Report, we described the interaction of antibrevetoxin
antibodies with the suite of naturally-occurring and synthetic brevetoxins
at our disposal, We described the higher sensitivity of datection of the
Type-1 backbone versus Type-2 backbone, and postulated a bit about the
potential for cross-reactivity with other polyether dinoflagellate toxins
like ciguatoxin and okadaic acid. However, those materfals were
unavailable to us, and we had no proapect of obtaining them.




Okadaic acid was supplied by Dr. Robert Dickey (FDA Dauphin Island
Laboratory) in purified form, and the progenitor organism was supplied by
Dr. Carmelo Tomas (Florida Department of Natural Resources Marine Research
Institute). Either dinoflagellate extract, dinoflagellate cell, or
purified okadaic acid 'were uctilized in assays (figure 7). Crude
ciguatoxin, isolated from ciguatoxic barracuda was supplied by Dr. Thomas
Tosteson of the University of Puerto Rico. Radiocimmunoassay was done on
this material following high performance liquid chromatography; 10 minute
fraccions were collected for 60 minutes and were correlated with mouse
bioassay (figure 8).
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Figure 7. Displacement Brevetoxin Radioimmunoassay for Okadaic Acid
(closed circles), and brevetoxin control (cpen circle).
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Figure 8. Brevetcxin Radioimmunoassay Using HPLC Fractions froa

Clguatoxic Barracuda. Brevetoxin PbTx-3 (open circles), orally lethal
fraction #2 (10-20 minute elution, open diamond), fractions #3,4,and 5
(22-30, 30-40, 40-50 minutes; open invert triangle, closed squares, and
closed triangle respectively), orally intoxicating but not lethal, and
control incubaiions with okadaic acid (closed circles), methanol vehicle
(closed invert triangle), and fraction #6 (50-60 ainutes, closed diamond).
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C. Deri-atives

il Brevetoxins linked to either Jack Bean
urease or Horse Radish peroxidase were evaluated as specific .probes in
{immuncassays. These toxin- -enzyme conjugates were prepared as succinate
linked materials as described in materials and methods. For urease
conjugates, 1:2, 1l:4 and 1:6 molar ratios were investigated. The
following protocol yielded the most reproducible results:

{1] prepare succinylated PbTx-3 as previously described (9);

{2] dissolve succinylated FbTx-3 in minimal 50X pyridine and add
2 mg EDC carbodiimids for every mg succinylated toxin (about 10-fold
excess EDC); .

{3] after 2 hr mixing at room temperature, add succinate toxin to
a 5.7-fold excess urease in 1 volume equivalent of water, in three equal
aliquots. Total voclume after addition is 2-{old the volume in step (2],
final pyridine concentration 25%; '

[4] stir at room temperature overnight;

[5]) transfer to dialysis tubing (MW exclusion 10,000) and cialyze
against 3 changes of pH 7.4 phosphate bufiered saline.

For peroxidase conjugates, toxin:enzyme molar ratios of 1:1, 1:2,
1:4, and 1:6 were evaluated. The following protocol yielded the most
reproducible results:

[1] prepare succinylated toxin as previously described (9);

(2] dissolve succinylated PbTx-3 in minimal 50X% pyridine and add
.a 2:1 mg ratio of EDC carbodiimide relative to toxin (again a 10-fold
excess);

(3} stir at room temperature overnight;

[4] after mixing overnight, mix enough horse radish peroxidase in
water to so that when the toxin succinate is added, the final ratio of 1:6
molar toxin:HRP coupling mixture (0.25 mg toxin succinate to 90 mg HRP)
will be achieved; 7

{5] stir at room temperature 2 hours and at 4°C overnight;

[6] dialyze as in urease assay.

In all cases it is imperative to add toxin-succinate- carbodiimide
£o enzyme aund not enzyme to hapten. In this manner, maximum enzyme
activity is maintained by limiting the number of haptens linked per
enzyme,

Stabilicy of Devivatized Toxin-Enzyme Conjugates,  As outlined in

detail last year, toxin-urease conjugates lose activity with time, even
i the refrigerator or at freezer temperatures. Several sequential
batches of toxin-urease (1:5.7) became inactive (no enzyme activity but
still protein and toxin present at proper stoichiometry) very quickly and
within a couple of weeks exhibited less than 10X of the assayed activity
at the time of synthesis and dialysis, We ars uncertain as to the cause
of the inactivation. Based on our previous experience with uncoupled
urease and its sensitivity to heavy metals and temperature regimes, we
initially began to develop and utilize reagent buffers which contained low
concentrations of heavy metals (i.e. resgent or ACS grade or better).

However, we began to doubt the utility of an urease assay, especially when
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considering the various and multiple contaminants which mfght be present
in actual samples. Aside from figure 7 reported in our last year’'s
Annual Summary Report (4), we siuall report no furrher on ursase-toxin
astays. Thus, with this enzyme system we were unsuccessful in our
attempt, even though we could demonstrate a dose-dependent displacement
of toxin-enzyme conjugate while conjugates remained active (14).

Assays employing HRP woro mucn more readily adaptsble and useable
owing to the inherent stability of peroxidase conjuzates. Our initial
results using toxin-peroxidase in 501 glycerol wers not encouraging, and
much of the enzyme activity was lost in a period of days, as in tha urease
case without loss of either protein or toxin. Thus, socmething was
happeninrg to the enzymstic activity. Six different storage protocols for
toxin-enzyme conjugate wers tested: [1] speed vacuum-dried (Savaat)
preparation with 0.1% BSA, frozen and dessicated; (2] speed vacuum-dried
with no BSA, frozen and dessicated; [3] speed vacuum-dried with 0.5X BSA,
room temperature dessicated; [4] speed vacuum dried with no BSA at room
temperature dessicated; [5] frozen in solution with 0.1X BSA; and [6;
frozen with 0.1% BSA plus 50Y glycerol.

Based on recovery of enzymatic activity, protocol [3] was best €for |
maintaining integrity of the preparation, followed by {5] #nd {6]. These
recoveries {ndicate that during coupling of toxin ta peroxidass,
approximately 40X of the paroxida=e activity is retained.

Following storage under conditions of {3], 151 SDS polyacrylamide
gel electrophoresis was performed on the derivatized toxin-enzyme, and the
migration was compared with that of wunconjugated toxin or enzyme.
Coomassie brilliant blue staining of developed gels indicated unreacted
HRP to possess & molecular radius of about 44,000 Daltons. Unconjugated
toxin did not visualize with staining--as was expected. Tosin-psroxidase
conjugates possess a molecular radius of about 48,000 .o 54,000 Daltons,
with no 44,000 molecular weight material remairing. Thus, wa ars Certain
we have conjugated the toxin to the enzyme, and believe that the 40%
activity retained is due to a 60X reduction in enzymatic activity caused
by toxin conjugatiocn---and not due to 100X ruductzisn in 60% of the enzyme
due to conjugation, with the remaining 40 activity arising from that
portion of the enzyme preparation not conjugated. This point is ¢ritical
to assay development, and has been demonstrated.

Western blotting of the SDS gel, and subsequent ABTS substrate
incubation, indicates that the peroxidase with altered mobility on gels
is indeed still actlve. This fact, when compared with gels cut up and
as<ayed for tritium counts assoclated with added tracer PbTx-3 toxin, and
silver stained Western blots, indicates that enzyme actfivity, toxin, and
protein all comigrate {n SDS gels and are distinct from unlatered enzyme
or toxin.

- This
substrate i{s & conventional one, in deference to those alrsady ocutlined.
The antitoxin-peroxidase conjugate was deteremined to be very stable,on
the order of the stability of the enzyme ftself. Strong signals in
ELISA’s (next gection) indicated about l:1 conjugation ratio for antibody
to enzyme and allowed for a 1:20,000 diltuion of this reagent. Yields for
this periodate conjugation reaction were low however, adjudged to be about
35%, and usefullness of the reagent was directly correlated with the
purity of the antibody uctilized for coupling. Only ammonium sulfate
precipitated untibody had been used for coupling, and at that time high
quality HRP-linked rabbit antigoat antibody became available. Thus
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although the feasibility is evident for antibrevetoxin-peroxidase prcbes,
the use nf antispeciea-peroxidase conjugates allows for reproducibility
and conveniencs, espacially when coupled with the amplification possible
with sandwich assays. Antispecies antibodies linked to enzymes have been
extremely stable in our hands,

D. Enzyme-Linked Immuncassays

No data will be given for protein A ELISA, owing to the low degree
of affinity exhibited by Protein A-urease for the antibrevetoxin antibody.
For each of the 2nzyme-immunoassay formats, a single figure will be
presented with the yrotocol summarized in the legend.
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Figure 9. Toxin-Urease Assay. This assay is a modification of the toxin-
peroxidase assay presented earlier in figure 4. Assays were conducted at
room temperature, measuring the change in absorbance at 595 nm using &
microtiter plate reader. Primary adsorbant was 4 ng antibravetoxin IgG
per well; toxin-urease as seccndary reagent at 8 ug ureass protein par
well; Brevetoxin PbTIx-3 as competitive toxin &t concentrations ranging

from 0.001 to 10.0 nM. .
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Figurs 10. Tox{n-Peroxidase Assay. Assays wers conducted &t room
temperature, measuring ABTS conversion at 405 nm. Primary adsorbant was

70 ug goat antibody per well; secondary reagent was 35 ug toxin-peroxidase
per well; PbTx-] competitor concentrations range 0.001 pM to 1 nM,
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Figure 11l. Non-Competitive Peroxidase-Linked Sandwich Immunocassay.
Assays were conducted at roca tsampsraturs, measuring ABTS substrate
sonversicn at 405 na according to the protocol listed {llustrated in
figure 3. Samples of P. brevis cells, Prorocentrua lima cells, okadalc
acid, or brevetoxin PbTx-3 were incubated 1 hour as primary adsorbant:z.
Following a 1 hr Blotto blocking of non-speciiic binding sites, 30 ug
antibrevetoxin protein G puvified IgG was addad to each well for a l hr
incubation. Rabbit anti-goat IzG linked to peroxidase was added as
tertiary adsorbant (1:1000 t3 1:50C0 diltuion of commercial preparation).
After addicion of ABTS substrate, changes in absarbance were measured for
a two hour period, over vhich period color development was linear. A
der{ved valie per hour was calculated. Cell concentrations for
dinoflegallates are quantified on the lower X-axis, and toxin
concentrations are quantified on the upper X-axis. Brevetoxins and P.
brevis cell extracts ars illutrated bv the open circles. Okadaic acid and
P. lima cell extracts are illustrated in closed cfircles.
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Figure 12. Checkerboard Protocol of Percxidase-Linked Sandwich ELISA.
Increasing dilutions of rabblt anti-goxt-peroxidass were prepared in the
Y-direction, as tertlary adsorbant to optimize detection of brevetoxins,
Decraasing concantrations of ?bTx-l secondary adsorbant at a2 fixed 1:80
dilution of primary goat antibravetoxin antibody wvers preparsd in the X-
direction. At a working dilution of 1:1006C (fourth row down irom top),
the color development curve shown {n open circles {n figure 1l was
gensrated,
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Thus, most of the assays explored could detect brevetoxins in a
quantitative manner. There was a substantial difference in their sensitivity
to differences in brevetoxin concentration, however. In cases of “displacement
assays”, .1.e. assays which employed toxin conjugated to enzyme which was first
adsorbed to specific antibody, a low response factor was always evident. In the
case of toxin-urease assays, there was a diffsrential absorbance change of 0.4
AUFS over four orders of magnitude toxin concentration. This was an unacceptable
colormetric assay, and could not be improved upon. Ths non-specific color
development was unduely high as well.

Toxin-peroxidase assays were of likewise low differential color
development, there being a change in color development of 0.1 over six orders
of magnitude toxin concentration. Howvever, assays employing peroxidase were
pursued owing to the very low degree of color development using ABTS substrats.
Peroxidase assays employing guaiacol or ortho-dianisidine had charactoristically
high background color development and were not pursued.

Assays employing affinity purified antibrevetoxin antibody were far
superior to any of those employing amscnium sulfate precipitated or even Protein
G purified antibody. Using rabbit antigoat-peroxidase commerical conjugate
preparation, we achieved the highest degree of success to date. The assay has
sufficient promise to pursue, for several reasonr: [l] the rabbit antigoat-
peroxidase conjugate and the ABTS substrats are reproducible preparatins which
can be conveniently purchased from several sources; (2] goat antibody 13 readily
detected using this conjugate and several anti-species antibodies can bind,
forming multimeric complexes which increases sensitivity; [3] the assay is s
direct assay in deference to a competitive assay, i.e. more toxin in the sample
leads to more color development; [4] the assay is linearly quantifiable from 20
PE to 4 ng toxin concentration in 0.1 ml volume. This is roughly the orders of
magnitude which would be present during intoxication phenomena; [5] each of the
reagents can be stored under separate conditions and assay kits do not requirs
assembly prior to running assays; and [6] the initial step in the assay is
adsorption of toxin to hydrophobic plastic plates. The non-polar nature of this
interaction maximizes toxin edsorption, and non-coated low protein binding plates
(the cheapest ones available) suffice for assays.

Thus, sandwich assays of this type are being optimized to complete the work
scope under this contract, and we expect, by the time the Final Report is
complete for C-7001, that we will have further information on the items listed
under Pecommendations.
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V. Conclusions

{11 Antibodies to brevetoxin-protsin conjugates can be raised in goats;

{2] Keyhols limpet hemocyanin conjugatss are superior to bovine serum
albumin conjugates;

[3] Although titers are not high in serum, antibody concantration can
be effectively increased by ammonium sulfate precipitation, followed by Protein
G affinity chromatography;

[4] Brevetoxin specific antibody can be isolated by using brevetoxin
covalent affinity columns as purification matrix;

{S] Radioimmunoassays can be used to evaluate serum titers of antibody,
and to detect unknown concentrations of toxin by competitive immunocassay;

[6] RIA’s do not cross-react with okadaic acid, but do cross-react with
ciguatoxin isolated from toxic barracuda fish flesh;

(7) Enzyme-immunoassays can be developed for polyether toxins;

(8] Toxin-enzyme conjugates, although technically feasible, are not
practical dus to lowered enzyme activity and instabilicy;

{9] Antibrevetoxin antibodies linked to peroxidase can be prepared and
assays developed using this as reagent; :

{10} Immunoassays using a secondary antibody linked to an enzyme are
optimal for use in detecting goat antibrevetoxin antibody attached to toxin;

{11] Antigoat antibodies linked to peroxidase lead to enhanced sensitivity
due to multimeric complexes (and hence multiple peroxidase enzymes) which can
form. These multimeric complexes lead to greater snzyme activity at lower toxin
concentrations;

(12] Final disposition of sodium channel based mictrotiter plate assays
and conclusions pertaining to detection in biological fluids are being evaluated
and will be summarized in the Final Report.
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vl. Recommendations

{1] Complere evaluation of brevetoxin-->goat antibrevetoxin--->rabbit
antigoat IgG 1linked to peroxidase--->ABTS color development sandwich

fimmunocassays,
{2] Investigate further the use of sodium channel components in

development of sandwich assays;
{3] Explore the quantitative reduction in background and increase in

sensitivity of assays using brevetoxin-column affinity purified antibodies;
(4] Examine antibody-synaptosome competition for toxin binding.
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